RNA and DNA are vital cellular constituents, and, in microorganisms, their rates of synthesis are proportional to rates of growth and cell division (4, 12) . At least four independent radioisotopic tracer methods are currently available to estimate the in situ rates of nucleic acid synthesis in natural assemblages of microorganisms; these are (i) a [3H]adenine method (5) (6) (7) (8) (9) , (ii) a [3H]thymidine method (2, 3, 13, 14) , (iii) a [3H]uridine method (10) , and (iv) a 32P04 method (6a) . Of these, the [3H]thymidine and [3H]adenine methods have been used most widely in ecological investigations of aquatic habitats. Although the thymidine and adenine methods are based upon similar uptake models and assumptions (i.e., requirement for an understanding of precursor-product labeling relationships, implicit correlation of nucleic acid synthesis and microbial growth rate, etc.) and have similar experimental protocols, the data derived from these two procedures, and especially the ecological interpretation(s) thereof, are expected to be different. [3H] thymidine is believed to be assimilated exclusively and uniformly by all heterotrophic bacteria (2, 3, 13, 14) . On the basis of this assumption, the [3H]thymidine method has been used to estimate rates of "bacterial" DNA synthesis and, indirectly, to predict bacterial production and mean specific growth rate. The accuracy of this method depends upon the reliability of the measurement of isotope dilution, which is expected to occur before and during the incorporation of [3H]thymidine into macromolecules, and upon the ability to assess and, if necessary, to correct for nonspecific labeling of cellular constituents other than DNA. The experimental protocol of Moriarty and Pollard (14) is generally used to satisfy these analytical prerequisites. The accuracy of this method has recently been evaluated under laboratory conditions (16 synthesis and, indirectly, to predict total microbial carbon production and mean specific growth rate. The accuracy of this method depends upon the reliability of the measurement of isotope dilution, which is expected to occur before and during the incorporation of [3H]adenine into cellular macromolecules, and upon the ability to determine the amount of label incorporated into cellular RNA and DNA. The experimental protocol of Karl (6) is generally used to satisfy these analytical prerequisites. The accuracy of this method has recently been evaluated under laboratory conditions (18) . However, the accuracy of the [3H]adenine-derived rate measurements for environmental samples remains unknown for the same reason that is stated above for the [3H]thymidine method. Indirect field comparisons with methods used to measure related metabolic characteristics of natural microbial assemblages (e.g., frequency of dividing cells, increase in cell numbers during timed incubations, heterotrophic uptake of labeled substrates, etc.) cannot be used as the basis for a rigorous evaluation of the accuracy of either the thymidine method or the adenine method since there are no absolute standards for comparison.
One compromise approach for evaluating the reliability of nucleic acid synthesis data derived from field-collected samples might be to compare the results obtained by using two or more of the above-mentioned independent methods for estimating rates of nucleic acid synthesis. Although one might consider conducting a comparison of the [3H]thymidine and [3H]adenine methods, at least for DNA synthesis, there is no a priori reason to expect comparable rates unless the habitat is dominated by heterotrophic bacteria (e.g., deep anoxic sediments, mesopelagic and abyssal marine environments, etc.). To our knowledge, no rigorous comparison (i.e., measurement of isotope dilution and timedependent changes in precursor and product labeling) of these two methods has been published.
We recently devised a 32P radiotracer method for measuring the turnover of cellular ATP and total adenine nucleotide pools (6a). Although our primary motivation for developing this method was to estimate cellular energy flux and specific growth rate, this approach can also be used to measure rates of total microbial RNA and DNA synthesis (i.e., synthesis by heterotrophic and autotrophic unicells, excluding protozoa). In principle, the results derived from the 32PO4 method might be expected to yield nucleic acid rate estimates that are identical to those obtained with [3H]adenine. For example, both methods take into account the dilution of the added radiotracers and the specific incorporation of the isotopes into RNA The metabolic model used to study uptake and assimilation of exogenous [3H]adenine has been described previously (6, 7, 18) and is shown schematically in Fig. 1A (Fig. 1B) . Calculation of the rates of total microbial RNA synthesis and DNA synthesis (Fig. 1B, k, and k2, respectively) requires direct measurement of the specific radioactivity of the a-positioned phosphate group of the total microbial ATP pool (i.e., nanocuries of a-32P per picomole of a-P in the total ATP pool) and the total radioactivity accumulated in RNA and DNA. Since 32P04 labels all nucleotide triphosphates and their derivatives, not just ATP, we must assume that all nucleotide triphosphate pools are in isotopic equilibrium with ATP (i.e., the number of nanocuries of 32p per mole of P contained in the a-P position of ATP is equivalent to the number in all other nucleotide triphosphate and deoxyribonucleotide triphosphate pools) in order to calculate average rates of RNA synthesis and DNA synthesis by using 32P04. At least for GTP, this assumption is well-supported by laboratory data (11 lated from the turnover rate data by assuming that the adenine nucleotide pool turned over 40 times per generation (1, 6a; Karl et al., submitted for publication).
As expected, both 32PO4 and [3H]adenine were taken up by microorganisms in the sample. The incorporation of [3H]adenine into the total microbial ATP pool and the incorporation of 32PO4 into the a-position P of that same pool were exponential functions of time (Fig. 2 ). An analysis of the labeling kinetics indicated that both isotopes labeled the same adenine nucleotide pool, one which had an average turnover time of 87.8 min, a value which is equivalent to a mean community generation time of 58.5 h and a mean specific growth rate of 0.29 day-' (Fig. 2) . The rates of RNA synthesis, which were independently extrapolated from 32p and 3H incorporation data, were indistinguishable at all sampling periods from 50 to 288 min (Fig. 3) . In this experiment we were not able to meastire the initial rates of DNA synthesis (0 to 60 min) since there was only minimal incorporation of 32P04 into DNA during this incubation period. However, the average rates of DNA synthesis calculated for the second one-half of the incubation period (i.e., >60 min) were 25.06 + 9.53 and 25.17 + 2.42 pmol/liter per (18) . By monitoring nt estimates of turnover time and hence time-dependent changes in the specific radioactivity of the ot significantly different.
ATP pool (Fig. 2) , we can now estimate the mean generation time of natural populations to determine the optimal incubation period for a given environmental sample. In summary, we compared two independent but nominally identical radiotracer methods for measuring total microbial nucleic acid synthesis and specific growth rate. Our results for a sample collected from an oligotrophic environment indicate that there is excellent quantitative agreement between the two methods. Although the results from this single experiment certainly cannot be extrapolated to all aquatic ecosystems, we emphasize that these complementary and corroborative procedures can be adopted for routine field applications. By comparing the results obtained from these independent methods, we can obtain information regarding the reliability of measurements of total microbial nucleic acid synthesis and specific growth rate in nature.
